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Q\ \ Abstract 

^ . The A^ = 1 self-dual supergravity has SL{2, C) symmetry and the left- 

r-| ! handed and right-handed local supersymmetries. These symmetries result 



X 



in SU{2) charges as the angular-momentum and the supercharges. The 
model possesses also the invariance under the general translation trans- 
forms and this invariance leads to the energy-momentum. All the def- 
initions are generally covariant. As the SU{2) charges and the energy- 
momentum we obtained previously constituting the 3-Poincare algebra in 
the Ashtekar'complex gravity, the SU{2) charges, the supercharges and the 
energy-momentum in simple supergravity also restore the super-Poincare 
algebra, and this serves to support the reasonableness of their interpreta- 
tions. 
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1 Introduction 

The study of self-dual gravities has drawn much attention in the past decade since the discovei 
of Ashtekar's new variables, in terms of which the constraints can be greatly simplified|]l]]-||^. TJ 
new phase variables consist of densitized SU{2) soldering forms e* a ^ from which a metric density 
obtained according to the definition qij = — TrejCj, and a complexified connection AiA ^ which carri 
the momentum dependence in its imaginary part. The original Ashtekar's self-dual canonical gra 
ity permits also a Lagrangian formulation^] -|^. The supersymmetric extension of this Lagrangif 
formulation, which is equivalent to the simple real supergravity, was proposed by Jacobson[^, ai 
the corresponding Ashtekar complex canonical transform was given by Gorobey et al0. 

In our previous works, we have obtained the SU{2) charges and the energy-momentum in tl 
Ashtekar's formulation of Einstein gravity 0-[0 and they are closely related to the angular-momentu 



np and the energy-momentum [0 in the vierbein formalism of Einstein gravity. The fact that tl 
algebra formed by their Poisson brackets do constitute the 3-Poincare algebra on the Cauchy surfa^ 
supports from another aspect that their definitions are reasonable. 

Out of the same reason, the definitions of SU{2) charges, which are to be interpreted as tl 
angular-momentum, the supercharges and the energy-momentum are also interesting and importa: 
aspects in the simple self-dual supergravity. In this paper, we will exploit the SL{2, C) invarianc 
the left-handed and right-handed supersymmetry and the invarinace under the general translatic 



transform|[T^ to obtain the conservative charges under consideration. This paper is arranged ^ 
follows. In section 2, we will give a brief review of the A^ = 1 self-dual supergravity. In sectic 
3, we will derive the SU{2) charges from the original Lagrangian of Jacobson. In section 4, \ 
derive the energy-momentum from a slightly different Lagrangian and the general translation. '. 
section 5, we derive the supercharges from the invariance under left-handed and right-handed loc 
supersymmetric transforms. The last section is devoted to summary and discussions. 

2 A Brief Review of the Model 

The Lagrangian density is|]^ 

/: J = -^ (e^^' A CBA' A Fa ^ + te^^' A t^A' A V^ja) ( 

The dynamical variables are the real tetrad e^^ (the "real" means e^ ^ = e^^ ), the traceless lei 
handed SL{2.C) connection A^mn and the complex anticommuting spin-| gravitino field 4'^lA■ Tl 
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SL{2, C) covariant exterior derivative is defined by 

and the curvature 2-form is 

The indices are lowered and raised with the antisymmetric SL{2, C) spinor e^^ and its inverse €/ 
according to the convention A^ = X^^ab,^^ = ^^^Xb, and the imphed summations are always 
north-westerly fashion: from the left-upper to the right-lower. The Lagrangian eq.(l) is a holomorph 
functions of the connection and the equation for A^a ^ is equivalent to 

provided e^^ is real. The Lagrangian }^{Cj + Cj) for real supergravity is a non-holomorphic functic 
but leads to no surfeit of field equations. Under the left-handed local supersymmetric transfer 
generated by anticommuting parametres e^ 

5i)A = 2VeA, Si! A' = 0, 5eAA' = -ii'A'f^A {• 

the Lagrangian Cj is invariant without using any one of the Euler-Lagrangian equations while und 
the right-handed transform 

S^pA = 0, S^pA' = S'DeA', Scaa' = -ii^A^A' (' 

Cj is invariant modulo the field equations. 
The (3+1) decomposition is effected as 

Cj = e'^'^'AkAB + ^'^4a - n ( 

n := eoAA'n^^' + i^oAS^ + S^'tpoA' + AoabJ^^ + (total divergence) (^ 



The canonical momenta are 



pkAB ._ ^Jjk^.AA' B 

e .- e Cj Cj A' 

n^^ ■= —^e'^'^Ci^^'ipjA' 



and the constraints are 



V2 



n^^' := ^^''\e, ""^'F.kB ^ - ^^P^ ^'V.^j, ^) 
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S^ := Vkfr^^ (l: 

The 0-components Cqaa', "^oAj V^oa' and Aqab are just the Lagrange multiphers and the dynamic 
conjugate pairs are {e'^^^,AjAB),{^'^^,'^kA)- The constraints 7i^^ = and S"^ = generate tl 
following two 

ii^^ ■= [e^e'^F^k)^^ + 2Fg'=Py^fc]e^^ + 2{nW^^^k])i^^'^ = (L 

The equations of motion will be properly expressed in Hamiltonian form / = {H, /}if we assign tl 
Poisson brackets 

{e''^^{x),AjABiy} = 5,H^M^5M)''5\x,y) (1 

all other brackets among these quantities being zero. 
This is the outline of the theory. 

3 The SU{2) Charge 

Under any SL{2, C) transform 

e^AA' -^ La ^Ra' ^'e^BB', V'a ^ La ^V^b, ^a' -^ Ra' ^'^b' 

Af^MN -^ Lm A^a {L )bn + Lm d^{L )an (1' 

Cj is invariant. L and R may not neccessarily related by complex conjugation. Note that Lab 
— {L^^)bAi the transform of A may also be written as 

A^MN -^ Lm L^ A^ab — Lm d^^Lj^A (2' 

For infinitesimal transform, La ^ = Sa^ + Ca^ where $^ab = ^Cba are infinitesimal parametre 
Thus we have 

5^A=[^,A]-d^, 6ij = ^i: (2 
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When calculating the variation of the Lagrangian, one must take into consideration of the anticor 
muting feature of the gravitino field. We write the variation in the way that 



A ' S^aau')'^'' + 3"('''*"'S5-CT^'" 



*£. = *^-^(i^ - a.gg^K. + a,W^5^£ 



where 0^ denotes any field involved in the first order Lagrangian. Now both -^x and 
(anti-)commuting if (p^ is ( ant i-) commuting, and so there is no ordering problem. 

The invariance of Cj under the infinitesimal SL{2, C) transform is equivalent to the followii 
modulo the field equations 



For constant ^, we have 



B dCj ^ dCj 



we have therefore the conservation of SU{2) charges 

d,fAB = 



where 



Jab — ~~rK^ v^M ^vMA'-^gB — e^ ^vBA'-^gMA 



Thus 



where 



Jab = / JABd^x 



1 



o'O _ -^ Jjkf^ A' A M ^ MA' A 

Jab — ~~7^^ [^iA GjMA'AkB — Gi GjBA'AkMA 

+ ^GiA^'^jA'^kB + ^eiB^'^jA'^kA) 

Using eq(9) and eq(lO), Jab can be written as 

Jab= [e\ Ak]AB + ^k(Ai^B) 

The constraint J'ab = guarantees that 

Jab ~ / dkC^B = / e^^dsi 
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where dsi = ^eijkdx^ A dx''. It can also be obtained in the following way. Using the field equatic 
e^'(^ A (Pe^) A' - 1^^^ Ai^A')= 0, we have 



so 



Using 



we have 



+ ef,B "^'{daCuAA' + A^A ^^e^MA' + ^i'uA'i^aA)] =0 (3 



~fAB = -^eP^'''dAe,A'''e.BA') (3: 



e[fj.A ^v]BA' = ^[ijlAcGv]b — «v 2n[^e,,]AB (3^ 



Jab = -^(^'^''dkie[iA'^'ej]BA') = --^e'^''dkie[iAcej]B^ -iV^n[iej]AB 



(3' 



= ■^e'^''dk{eiej)AB = dke% 
which is exactly the same as eq.(30) We can thus have the Poisson brackets 

{Jab-, Jmn} = { (^AB^^k, / (e* M Aip^ + e"^ n ^iPtv)'^ x} 

JdT. JS 

= -{JjvIA^NB + JmB^NA + JnA^MB + JmA^Nb) (3' 

Now the fiat dreibein on S is needed in order to find the angular- momentum Jj. To clarify tl 
notions, we use the following conventions: /i, z/, ... denote the 4-dim curved indices and z, j, fc, deno 
the 3-dim curved indices on S; a, 6, c, ... denote the fiat 4-dim indices and /, m, n, ... denote the fi^ 
3-dim indices on E. The rigid fiat vierbein is denoted as -E^A' ^^"^ ^^e rigid fiat dreibein is denot< 
by -E^B- Then define 

Jm ■= ~7^^ni Jab (3' 

and using the relation e^'^^EmEn = V2E^ we have 

Therefore the su{2) algebra is restored. One may doubt the finiteness of Jmn for isolated system 
They are indeed finite because, in the non-supersymmetric case, Jmn is related to Jab by a line, 
transform|^, where Jab is the angular-mometum obtained in the vierbein formalism and are prov( 
finite for general isolated systems, further, it can give the correct formula of radiation of angula 
momentum. Q-fT^- As in the non-supersymmetric caseQ, we can also obtain only the SU{. 
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charges instead of the whole SL{2, C) charges. Yet, the anguah-momentum Jab obtained in0- [|T 
is completely contained in Jmn (see section 5). 

4 The Energy-momentura 

In order to obtain the energy- momentum, we do not exploit the Lagrangian Cj. Instead,we use tl 
following £ 



cyy^P^ti -rv/i-TUA I -^^ -^pyvA' Ta/ij I „^ 



I.e. 



-^{dpe"^^' i^uA'i^aA + e"^^' dpi)^A'i^„A) + -e^^' ^j^A'^^^eApA ""] (3: 

C = Cj- -^e^-P-dpie^'/e^BA'A^A "" + le^'p'"' ^^.a^.a) (3' 

So as far as the Euler-Lagrange equations are concerned, £ and Cj are equivalent. But why do we u 
£ rather than £j? As discussed in [|13], conservative quantities in general relativity are often quat 
local, i.e. can be expressed as a surface integral at 9S. Whence total divergences in the Lagrangif 
may do non-trivial contribution to the conservative quantities though they do not affect the motic 
equations. In the non-supersymmetric case, we also used a different Lagrangian in order to obta 
the energy-momentum thereof [^ . In order to agree with the definition of energy-momentum in tl 
non-supersymmetric case, in which the energy-momentum agree exactly with the ADM definitio 
we use the Lagrangian (38) here. 

Since the action I = J Cdf'x is invariant under the infinitesimal transform x'^ = x'^ + Sx'^, (f)'n{x') 
^fii^) + ^^ftyy here 0^ = e^"^ , A^mn, "ippA', i'fiA we have the Noether theorem 

dC 

dpiCdx^ + So<Pigg^) + So<Pi[Cy^ = (41 

where [C]^i = {-^ — Q^ qq .i )£ and (5o0a = ^4'x ~ d^(f)xd^x. Using the field equations, we have 

d,{Cdx^ + 6o^i—-j) = (4 

Since all the fields 0fj have a lower curved index, we have 50f, = — (Jx'^^^. (The "," denotes "parti 






derivative"). Therefore, 5nd)t = —6x),(J){ — d\(j)i6x^. Hence we have 
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which can be expressed as 

Therefore the independence of Sx'^, Sx^^, and Sx'^)^ imphes 

Finally, we use the general translation: 6x^ = e^^,6^^ , b^^ is an arbitrary infinitesimal four-vectc 
This step is cruicial. Note that as discussed in 0, the general coordinate transform Sx'^ = C,'^ do 
not in fact effect a translation because x^ can be any curvilinear coordinate. Now we have 

d^il^AA' + VrO^A') = (4 

The energy-momentum tensor is defined to be 



So 



Using /^ = duVl^'^ , we have 



d,{et%,) = (4 



^AA' — ^v^ AA'^ ^AA' ■— ^X ^AA' \^' 



Since 









dd^ijj^A 2v^ 



^/3A' (5 



we have 



Vr = e^'^'-^U^tx ^^e^BA'ApA ^ + ^(ef-^'^A'^/^A - e„ ^^'^aa'^/3A - e„ ^^'V^^a'^aa)] (5: 



and 

% 



Kn' = e>^'"'^[V2ex^^'e^BA'eU'Af3A'' + ^{e^^' eU'i>aA'^Pf3A 



- ea IpXA'i'pAeMN' " ^a iPiBA'^XAGnN')] {^^ 
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For a closed system, the conservative energy-momentum is 



Pnn' = / et%^,d'x = / diV^'^,d'x = / V^'^,ds, (5. 

where 

Now we use the reahty of Paa' to simphfy the expression. Since both sides of eq.(4) are real, tl 
first term is real. It is also because of the reality of tip a A ipA', the last two terms contribute nothii 
to the real Paa'- So we have 

From eq.(4) we have '>l)\jA''^k\A = '^i{T^[jGk]) aa' ■ therefore 

1 /■ 

Pnn' = -1= j^^ e'^^ex ^^'cjEA'C^N'^kA ^dsi (5 

To make the 3+1 decomposition of Paa', we may use two ways. The first one is to use tl 
relationship between the flat 5*17(2, C) soldering form Ej^^^, and the sigma matrices in ref. 



and 



we have 



so 



P'AA' — ~~?K^ AA' (5' 

„aAA' „ n^A^A! Ir^ 

ex e^^, = ey^e^E^ £^^, = 6^6^, (6i 



Paa' = -j^ L ^"^^ejBA'AkA ^dsi (6 



Use Pa = E^"" Paa' and 



1 
y/2Jds' 

E^^' = -iV2Et''ns ^' + uau^^' (6: 



we have 



V2 JdT, 2 JdT, 
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I.e. 



Po = ^ f e^'Hie.Akds, (6. 

2 JdT; 

The second way is to use 

„ AA'X _ 9^ AB^X M„ A' , ^AA' fr-. 

6a e^^, — Zex e N ub umn' + n unn' lo' 

and 

pO _ Q i MN _ AM^N) .„, 

^MN — U, e^BCj — 0^ 0^ 1^0 

(Note that e^^; := g'^'^e^AA' while e^^ := —g'^^ei,AB,n^ = (no, 0,0,0)). Substituting the first ter 
which is spatial of the r.h.s of eq.(66) into eq(57) gives the momentum Pm and the second term giv 
the energy Pq. The result is the same. 

We now rescale the energy-momentum by a constant factor 2-\/2- i-e. 

PAA' = 2f e'^'^e^BA'AuA^'ds, (6. 

Po = -iV2f e'^^tie. Akdsi {&. 

Jas 

Pm = 2 f e'^\A,ek)MNE'J:''ds, = -^E^^^^Pmn (7' 

so that it agrees exactly with that of the non-sypersymmetric case0. 

The Poisson bracket {Jmn, Pab} can be calculated using (e*ej)(Af7v) = 0,y/2e^^e''^ = q^^/'^e'^^ 
and 

{ef^{x),A^MNm = 2q~'/'efe,]MNS'{x,y) - -^q-\,^^{e^en(MN)et''6%x,y) (7 

The result is 

{Jmn, Pab} = -^{^amPnb + ^bmPan + ^anPmb + ^bnPma) 

therefore 

{Jm.Pn} = {—^E^ Jab, ~^E„ Pmn] = ^mnlP 

To calculate {Pmn, Pab}, one of the two P's must be expressed as a 3-dim integral. 

Pab = f 4q-'/'{A^Bh^^)^AB)ds, = f Ad,{q'''\Afe^'~e^^)(AB))d'x (7 

As in the non-supersymmetric case|0], it is not differentiable with respect to AiUN- To circulmvei 
this difficulty, we use the same trick as in [|^ , which stems from the construction of the Hamiltonif 



(7 



(7^ 
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generating time translations|]I|-0. Suppose iV is a scalar density of weight —1 and equals q^^ 
outside a compact set of S. So 

Pab = km{KAje^'&%AB)d'x 

= hm&'e^^)A,+Ne^'&^{^Fi, - AA^)]^AB)d'x 
Use the constraint eq(15), we have 

Pab ~ h ^di{Nel'&^)Aj + Ne^'~e^\\Fi, - AA^) - \Nii\AB)d!'x 

= h 4[a,(iVe[^e^'])A, - Ne^'&^AAj - mW^j^u]~e\AB)d^x 
When taking into consideration the falloff de ~ r~^, A ~ r~^, ilj,ip,7r ^ r^^, we have 

{Pab, Pmn} ~ (7' 

i.e. 

{P„P,}^0 (7^ 

5 The Supercharges 

Since the Lagrangian varies as 

SC = 5<pl[C],.^ + d,iS<Pi^ (7 

we have on-shell that 

dC , 



6C = d^{6(Pi 



ddf,<i)i' 



On the other hand, one can calculate 5C directly. Using eq(39) and the invariance of Cj under tl 
transform eq.(5), we have the variation of C under the left-handed transform eq.(5). 



Whence 



Since 



6C = V2it^''P''dp{e^/i,,A'A„A''tB - i^.A'e^/V^eA) 

d,{6<Pig§^) = t^^^''d,[{-V2e^BA'ApA'' - ^^i'e.A'^pA){-ii'^'e^) 
= e"P^^'^d^[iV2e^BA'ApA ""^^'e^ + ^;^e, ^^'V^/^A'^^.e^] 
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we have 

Therefore, we have 
where 

The independence of e^, S^ca and d^^tA imphes that 

df^QA = 0, Qb = d^Qs , Qb = ^Qb (8 

So we have the left-handed supercharge 

Qa = 2 f QU^x = 2 / Q'^Idsi = 2 / e'^^ejAA'ipk'dsi = i2V2 f n\dsi (8. 

To obtain the right-handed supercharge, we use the right-handed transform eq.(6) under whi( 
Cj transforms as 

£j = -V{^ie^^ A tA'Vi)A) + {^iVe^^ + ^-^ A ^^') A Ia'V^a (8' 

Using the field equation e^^ A T>'i\}a = and eq.(4), we have 6Cj = 0. Thus 

= -ef'''P^d,[-V2ii'p'''e,BA'A^A ^ + y2ie;^^'P,eA'^.A] = 
This can yield that 

d,{QA'e^' + Q7'due^') = (9 

where 

Q'^, := -2e^^^'^V';f e,BA'^.A "" , Q7' ■= -^e'^'^'e^AA'^^ (9: 

Similar to eq.(87), we have 

(JjiQa' ~ U, v_B' = (J^lQB'■> Qb' ~ ~Qb' (9' 
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and the right-handed supercharge is 

Qj^ = [ QA'd^x = f Ql'dsi = -2 f e'^^ipfejBA'AkA^d^x = 2 f e'^^CjAA'i^Usi (9' 

JT. JdT. Jt. JdT. 

We can easily see that Qa and Qa' are complex conjugate to each other by comparing eq.(88) ai 
eq.(94). Their Poisson bracket gives that 

{Qa. Qa'} = {i2^f2 f n'^dsu -2 f e'^^i/jfe^BA'Akc ""d'x} = i2^f2PAj, = i2a\^,Pa (9, 

Using the volume integral of the supercharges and the surface integral of the energy-momentu 
and taking into the fall-off of the fields, one may easily obtain that 



{Qa. Pbb'} = {Qa'. Pbb'} = 



(9i 



Finally, we calculate the Poisson bracket of the supercharges and the SU{2) charges. Note th, 



the quantal commutator of them is ||T5| 



[Qa, Jab]- — ^(crafe)A Qb 



(9 



where {(Tab) a ^ = —ki'^aA ^ (^b^ b' ~ CTbA ^ o'a^ B') (here the a-matrices are those in|T^ not in |T5 



which the a- matrices with one lower primed index differ by a sign from those in |T^). So 



[Qa, Jab\- — —E[aA Ebl B 



{9. 



Using 



E[aA Eb] B' = EiaAC'Eb] — iV2niaEb]A 



(9 



we have 



[Qa, Jij] — —E[iAcEj] Qb 



:iO' 



and 



[Qa, Joi]- = W 2n[o-E'i]A Qb = —7=EiA Qb 



On the other hand, we have from eq(32) that 



Jab - -^JabE a E ba' 



'10 



flO 



where j^b is the angular-momentum current obtained in 0-|lO|. 



Jab 



V2t'"'^^d,{e^aeub) 



(10, 
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and the angualr-momentum is 



Jab — / Jab" ^ 



Hence 



J, 



MN 



1 Tab rp A' rp 

~2'^ ^[aM ^b]NA' 



\{J'iE^,AcE,^ «^ - iV2J^'noE,A ^) 



^^{L,-tK,)E 



'10 



'10 



MN 



where Li = -^eijtJ-' are the spatial rotations and Ki = J^i = —J are the Lorentz boosts. Therefo 



2^'^J 



Ji — 7:{Li — iKi 



(Bearing in mind that both ^{Li — iKi) and ^{Li + iKi) obey the su{2) algbraflG 
and eq. (101) we have 



(10' 
From eq.(10i 

(10 



:io. 



[Qa, Jk]- — —T=EkA Qb 

This can really be realized by the Poisson bracket because 

{Qa, Ji] = {Qa, —7^E^ / ejjj^^dsk] = -j=EiA Qb 
Actually, the boost charges are vanishing here as can be seen from eq(30). 



6 Summary and Discussions 

In this paper, we have obtained the angualr-momentum, supercharges and the energy-momentu 
in the self-dual simple supergravity. The conservation laws possess the common feature of tj 
conservation laws obtained previously, i.e., the currents are identically conservative because they cf 
expressed as divergences of antisymmetric tensor densities which are often referred to as potentia. 
The total charges take the same integral forms as those in the non-supersymmetric case. Thouj 
we can obtain the SU{2) sector of the SL{2, C) charges, the information of the angular-moment u 
is completely contained in the SU{2) charges. It can be seen from the surface integrals that tJ 
angular-momentum is governed by the r~^ part of e*, the energy-momentum is determined by tl 
r° part of e* and the r~^ part of Ai, and the supercharges are governed by the r~^ part of vf*. As 
[|l|]-[§, we always assume that the phase space variables are subject to the boundary conditions. 

"" -[l + ^^^^re>^AB+Oil/r'), A,MNia^ = Oiiy) 



-ABldT, 



n\ 



0(l/r), ^,A = Oil/r) 



(10 

(11' 
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where c^ab denote the flat SU{2) soldering forms. As a consequence, under the SL{2, C) transforr 
behaving as 

L^^ = A^^ + 0(l/ri+^), (e>0) (11 

where A are rigid transforms The charges transform as 



Jmn — *■ Aa/ Am Jab, Paa' — ^ A^ A^/ Pbb' (H 



Qa^Aa'^Qb, Q^'^Aa'^Qb' (11 

i.e., they gauge covariant. Their conservation is generally covariant. Upon quantization, the Poissc 
brackets correspond to the quantal commutators or anti-commutators ||18||-[p!9[| and their algebra ret 



izes indeed the super-Poincare algebra. This shows that their interpertations convincing, especial 

that the approaches used previously to obtain generally covariant conservation laws are reasonabl 

It is novel that the relationship among the conservative quantities and the first class constrain 

is the same as the gauge charges and the constraints in the usual Yang-Mills gauge field models. 1 



see this, consider the example of interacting Yang- Mills and spinor fieldspO|. The Lagrangian 



1 

4' 



^ = -7^;.-^"'^ + ^i^^D,^ - m^^ (II 



is invariant under gauge transforms and this leads to the conservative Noether currents 

J^ = r^'J^^-'Al + i^YT^'^fj ( 1 1 

where [T°',T^] = t^'^^T^. Among the equations of motion, there are the constraints 

C'lx) = d'^T^o - f'^'Al^k + #7oT"^ ^ (11' 

generating time-independent gauge transforms. The zero component of J^ is just the the last tv 
terms of the constraints. So we have the gauge charges 

70^3^ _ [ -r-ofe 



Q, = / rj'x = / j^^'^dsk (11 

JS JdT. 

i.e., it is also a surface integral modulo the constraints. The surface integral expressions of Jmn, Q 
et al in this paper are also obtained in this way. 

The supergravity considered here is an extension of the non-supersymmetric case. This can \ 
seen by setting the anticommuting fields to be zero. Then not only the field equations but also tl 
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constraints reduces to the constraints in [|I|-|0|. The Hamihonian constriant and the diffeomorphis 
constraint in ||ll-0 are imphed in the constraint 7i^^ . Since eq(15) which stems from eq(ll) reduc 
to the Hamiltonian constraint 

tiie'e^ Fij) = (IL 



and eq(ll) reduces to 



so 



I.e. 



e'^'e,^^F,kD^ = (11 



6*^'=e,^^F,,B^i?MB = (12' 



e'^'eriE^Ei)A''Fj,n^ = (12 

Using {EmEi)A^ = liSmi^A^ + eminEnA"),trFij = and e'^'^e^ineT ~ e\'e^\ we can obtain tl 
diffeomorphism constraint 

tT{e'Fij) = (12 

Thus we can say that the Hamiltonian constraint and the diffeomorphism constraint can be combine 
together. 
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